Infection-induced immunosuppression in pyelonephritis: Characteristics of the suppressor cell(s)  by Miller, Thomas E. et al.
Kidney International, Vol. 24 (/983), pp. 313—322
Infection-induced immunosuppression in pyelonephritis:
Characteristics of the suppressor cell(s)
THOMAS E. MILLER, ELAINE MARSHALL, and JAN NELSON
Department of Medicine, Auckland Hospital, Auckland, New Zealand
Infection-induced immunosuppression in pyelonephritis: Characteris-
tics of the suppressor cell(s). Infection-induced suppressor cells may be
associated with a depression of cell-mediated immune (CMI) mecha-
nisms in pyelonephritis. In the present study, cell viability and cell to
cell contact were established as prerequisites for immunosuppression
and the role of mononuclear phagocytic cells and polymorphonuclear
leukocytes, as immunoregulatory cells affecting CMI, was also exam-
ined. Fractionation of spleen cell suspensions was carried out using
carbonyl iron, nylon wool, glass beads, and sephadex. These proce-
dures restored mitogenic responsiveness to splenic lymphocytes from
pyelonephritic animals, and it was possible to isolate cells with accesso-
ry and suppressor activity from nylon wool columns. Elutable cells
(that is, cells which adhere to the column but could be recovered by the
addition of EDTA) were characteristically accessory cells and in-
creased the mitogenic responsiveness of normal lymphocytes. Adher-
ent splenocytes which suppress mitogenic responses were isolated from
pyelonephritic animals. Additionally, neutrophils, at concentrations
readily demonstrable in lesions, depressed CMI responses in vitro.
With this information available it should now be possible to carry out a
detailed analysis of the cellular mechanism by which CMI in renal
infection is depressed.
Immunosuppression induite par une infection dans Ia pyelonephrite
caracteristiques de Ia (des) cellule(s) suppressive(s). La presence de
cellules suppressives induites par l'infection peut Ctre associée a une
diminution des mCcanismes d'immunité cellulaire (CMI) dans Ia pyClo-
nCphrite. Dans cette étude, Ia viabilitC cellulaire et Ic contact inter-
cellulaire ont etC Ctablis comme nécessaires pour l'immunosuppression
et Ic role des cellules phagocytaires mononucléaires et des leucocytes
polymorphonuclCcires, en tant que cellules immunoregulatrices affec-
tant Ia CMI, a été egalement CtudiC. Le fractionnement de suspensions
de cellules splCniques a éte effectué en utilisant du carbonyl defer, de Ia
lame de nylon, des billes de verre, et du séphadex. Ces techniques ont
restaurC Ia capacitC de rCponse mitogCne de lymphocytes spleniques
provenant d'animaux pyélonéphntiques, et il a ete possible d'isoler les
cellules avec une activitC facilitatrice et suppressive a partir de colonnes
de lame de nylon. Les cellules Cluables (c'est-á-dire les cellules qui
adherent a Ia colonne mais peuvent Ctre récupCrCes par addition
d'EDTA) Ctaient de facon caracteristique des cellules facilitatrices qui
augmentaient Ia rCponse mitogCne de lymphocytes normaux. Des
splCnocytes adherents qui suppriment les réponses mitogenes ont etC
isolCs a partir d'animaux pyClonephritiques. En outre, les neutrophiles,
a des concentrations facilement démontrables dans les lesions, ont
dCprime les reponses CMI in vitro. Avec ces informations, il devrait
maintenant Ctre possible de faire une analyse dCtaillCe du mécanisme
cellulaire par lequel La CMI est deprimCe lars de l'infection rCnale.
Previous studies have shown that cell-mediated immunity
(that is, immune mechanisms involving thymus-derived T lym-
phocytes) may be depressed during the course of renal infection
[1—3]. The phenomenon of infection-induced immunosuppres-
sion is a common response of the host to microbial and parasitic
infection, but the concept that infection may initiate an im-
munoregulatory response and depress CMI has not been widely
recognized. In the majority of infectious diseases giving rise to
infection-induced immunosuppression, however, the suppres-
sion of CMI is nonspecific. As a result, host lymphocytes
respond poorly to antigens associated with the infecting micro-
organism and, as well, to polyclonal mitogens such as Conca-
navalin A. This mitogen binds to T lymphocytes to induce
blastogenic transformation and the degree of mitogenic respon-
siveness of lymphocytes has been used extensively as one
measure of an aspect of host cell-mediated immunity (CMI).
Some characteristics of the nonspecific depression of CMI in
Escherichia co/i induced renal infection have been reported [2,
3]; in particular bacterial numbers in the kidney increase rapidly
during a period of markedly depressed host CMI capability
suggesting that this component of the immune system may be
an important cellular defence mechanism in renal infection.
Further evidence linking the nonspecific depression of CMI in
renal infection with a decrease in host defenses against an E.
coli invasion of renal tissue has been discussed in detail, but the
cellular events have not been investigated [4].
The aim of the present investigation was to isolate and
identify the cell(s) associated with nonspecific suppression of
CMI in renal infection and to determine their mode of action. In
particular, the role of mononuclear phagocytic cells and poly-
morphonuclear leukocytes was examined.
Methods
Animal strain. Young adult (90 to 120 days old) DA x AS2 Fl
hybrid female rats weighing 200 to 260 g were used.
Bacterial strain. The strain of E. co/i 075 used in these
experiments was the same as that used in previous studies of
experimental pyelonephritis [2, 3, 5].
Production of renal infection. Pyelonephritis was induced by
direct inoculation of E. coli into the surgically exposed kidney.
Details of this method have been given previously [6].
Splenic cell fractionation and recovery using nylon wool,
glass wool, glass beads, and Sephadex. Ten-milliliter plastic
syringe barrels fitted with a three-way stopcock were used as
columns.' The components were sterilized and then assembled
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and packed with the material used in individual experiments.
The materials used were:
(1) Nylon wool. A 0.6-g aliquot of nylon wool from a Fenwal
filter pack (Leuko-Pak, Fenwal Laboratories, Division of Tra-
venol Laboratories Inc., Morton Grove, Illinois) was packed
into the barrel of a 10-mi plastic syringe up to the 6-mi mark.
Ten milliliters of HEPES-buffered Medium 199 (Gibco Diagnos-
tics, Madison, Wisconsin) containing 10% fetal calf serum (H-
199-FCS) was loaded in the column which was sealed with a test
tube cap. The column was then preincubated at 37°C for at least
1 hr. Following incubation, the medium was eluted into a 15-mi
evacuated tube and 1 x 108 splenocytes, suspended in 2-mi H-
l99-FCS, were loaded into the column. Cells were washed into
the nylon with a further I ml of H-199-FCS. The column was
resealed and left for 45 mm at 37°C and then washed several
times with 2-mi aliquots of Medium 199. The first 20 ml of
effluent were collected and cell numbers were counted. This
fraction was called the nonadherent fraction.
A further population of cells was then recovered by adding 10
ml of 104M EDTA (tetrasodium, pH 10.0 to 11.5) in phosphate-
buffered saline (PBS) to the column which was then held at
room temperature for 30 mm. The column was washed with 80
ml of ice-cold PBC. Cells recovered in this manner were termed
the elutabie fraction. In a final manipulation the nylon wool was
removed from the column and dispersed in a plastic petri dish
containing 20 ml of cold PBS. The cells recovered after being
leased free from the nylon were termed the adherent fraction.
(2) Glass wool. Glass wool (BDH low in lead, BDH Chemi-
cals, Ltd., Poole, England) was soaked in 1 N HCI followed by
several changes of tap water, distilled, and double-distilled
water. The wool was then soaked in three changes of Medium
199 for 2 hr, washed again in double-distilled water, and dried at
37°C. A 0.6-g aliquot of the washed glass wool was packed into
the barrel of a 10-mi syringe. Loading the column and incuba-
tion and recovery of cells from the glass wool were the same as
that used for the nylon wool column.
(3) Sephadex and glass beads. The procedures used have
been described previously by Ly and Mishell [7].
Adherence to plastic surfaces. Spleens from experimental
animals were removed into ice-cold Medium 199 and teased to
produce a single cell suspension allowed to stand for 5 mm to
sediment cell clumps and pipetted into a second tube. The cells
were washed once by centrifugation at x400g for 5 mm. Two
milliliters of H-199-FCS containing 10 x 106 lymphocytes were
then added to a 35-mm plastic petri dish (Falcon, catalogue
number 1008) and incubated at 37°C for 30 mm. Nonadherent
cells were removed and reincubated on a new petri dish. This
procedure was repeated until the cells were exposed to plastic
three times.
Carbonyl iron separation of phagocyric cells. Carbonyl iron
(200 mg) was added to 1 x 108 spleen cells in 2 ml of H-199-
FCS. The preparation was incubated for 1 hr at 37°C in a
shaking water bath. Phagocytic cells, containing ingested iron,
were retained using a strong magnet, and the remaining cells
were removed for further analysis. The method is essentially as
described by Oehler, Campbell, and Herberman [8].
Polymorphonuclear leukocyte preparation. Eight cylindrical
sponges (2.5 cm x 1 cm, 40 1 mg) were cut from polyurethane
absorbent foam packing (Tasman Vaccine Laboratories, Upper
Hutt, New Zealand). The sponges were washed in distilled
water and sterilized by autociaving in physiological saline.
Before implantation the fluid was removed by squeezing the
sponge in a sterile plastic syringe. An incision was then made in
the dorsal midline, the facia was retracted by blunt dissection,
and a sponge was implanted on either side of the midline in the
subcutaneous space. Care was taken to observe strict aseptic
techniques at all times. After implantation the wound was
sutured and an antibiotic spray was applied to reduce the risk of
contamination. The sponge implanted on the righthand side of
each rat was injected with I x 108 heat-killed E, coli 075
suspended in 0.1 ml saline. The sponge on the lefthand side
served as a control. Sixteen hours later the sponges were
removed, and the contents of the four control sponges were
pooled, washed, and counted. The same procedure was fol-
lowed for the E. coli stimulated sponges. Polymorphonuclear
leukocytes from normal or E. coli stimulated sponges com-
prised 98% of the total number of cells recovered.
Characterization of splenic cells. (1) Mononuclear phagocyt-
ic cells. These cells were identified by their ability to ingest
latex particles. Spleen cells (2 x 106) were washed twice in H-
199-FCS. The cells were resuspended in 200 d of H-l99
containing 5 .d of 1% Dow latex particles (0.08 sm, Dow
Chemical Company, Indianapolis, Indiana) and 200 d rat
serum. The preparation was then incubated at 37°C for 30 mm
and the cells were washed twice in H-199-FCS. The cell
concentration was adjusted to 2 x 105/ml and pelleted onto a
glass slide by cytocentrifugation (Shandon Scientific Company,
London, England). Slides were air-dried, fixed in methanol, and
stained with Wrights stain.
(2) B lymphocytes. Lymphoid cells bearing surface immuno-
globulin were identified as B cells. Spleen cells (I x l0) were
washed twice in H-199-FCS, resuspended in 50 pJ of fluoresce-
in-conjugated rabbit anti-rat immunoglobulin (Welicome Re-
agents Ltd., Kent, England) and held at room temperature for
30 mm. Two milliliters of H-199 containing 0.3% bovine serum
albumin (BSA) were added to each tube. The cell suspension
was then layered onto 4 ml H-199 containing 5% BSA and
centrifuged at x400g for 5 mm. The cell pellet was resuspended
in 200 pJ of H-199-5% BSA and 50 l Saponin. Wet preparations
of the cells were examined for peripheral fluorescence using a
Zeiss Standard 14 microscope fitted with a 100-W Halogen lamp
and incident light fluorescence.
(3) Thymus-derived lymphocytes. The Pta A. I T lymphocyte
specific surface antigen was used to identify the T cells [9, 10].
The presence of the antigen, Pta A. 1, on the surface of T
lymphocytes was determined by an indirect immunofluores-
cence technique. Spleen cells (1 x 106) were incubated at room
temperature for 30 mm with 50 d of Lewis anti-Fischer F344
(anti-Pta A. I) serum optimally diluted in PBS pH 7.2 containing
2% FCS. The cells were washed three times in PBS, resus-
pended in 50 d of fluorescein-conjugated rabbit anti-rat
immunoglobulin and held at room temperature for 30 mm. Cell
suspensions were washed with H-199-5% BSA as described for
B lymphocytes and examined for peripheral fluorescence. In
this procedure, both T and B lymphocytes demonstrated pe-
ripheral fluorescence and the number of T lymphocytes was
obtained by subtracting the number of cells with surface
immunogiobulin (see above) from the total number of fluoresce-
in labelled cells. The specificity of the antisera were verified
using lymphoid cells from the New Zealand nude rat [II, 12].
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Table 1. Cell viability as a requirement for the expression of suppressor cell activity
Individual culturesa Co-cultures' % Suppression
Viable Nonviable
cells cells
Nonfractionated
lymphocytesc
Nonsedimentable Sedimentable
lymphocytesd viable
Fraction
nonviablea Projected response
Observed
response
(A)
17,160
(632)
(B)
76,810
(2812)
(C)
1,407
(51)
(D)
20
(2)
(B+C) (B+D)
39,108 76,830
(1443) (2812)
(B+C) (B+D)
5,890 74,980
(214) (2738)
85% 2.5
Figures are the mean dpmll06 lymphocytes from cultures carried out in quadruplicate; SEM values are in parentheses.
6 Nonsedimentable lymphocytes (5 )< 106) were from a normal animal spleen cell pool + 5 x 106 sedimentable cells (nonviable and viable).
Pooled spleen cell suspension was obtained from three pyelonephritic rats 72 hr after the challenge.
d Nonsedimentable lymphocytes were from x30g centrifugation of the suspension in C
The sedimentable fraction was from x 30g centrifugation of the suspension in c.
Projected response was based on the response of the viable cells in culture (that is, 5 x I06 viable lymphocytes).
Table 2. Cell interaction as a factor in the depression of mitogenic responses by suppressor cells
Cells in contactC Membrane separatedb Supernatantc
Co-cultures
Sedimentable cells 1 x lO6a 3 x 10 1 x 106 3 x I0' I x 106 3 x 10
Nonsedimentable cells 5 x l06 5 x I0 5 x I0 5 x I0' 5 x 10 5 x 10'
Mitogenic response
Sedimentable cell source'
Normal spleen 180,451
(6700)
143,000
(5300)
257,600
(9600)
235,400
(8700)
240,200
(9020)
261,000
(9680)
Pyelonephritic spleen 35,200
(1290)
5,700
(210)
270,600
(9900)
191,400
(7060)
233,000
(8628)
174,000
(6510)
a Nonsedimentable lymphocytes were obtained from normal animals and sedimentable cells from normal or pyelonephritic animal cultures in
direct contact. Cells were obtained from pooled suspensions from three normal or three pyelonephritic animals 72 hr after the challenge.
Nonsedimentable lymphocytes were obtained from normal animals and sedimentable cells from normal or pyelonephritic animals. Cell cultures
were separated by a dialysis membrane.
Nonsedimentable lymphocytes were obtained from normal animals in 2 ml of completed medium and I ml of supernatant from membrane
separated cultures following 80 hr incubation.
Figures are the mean dpm/l06 lymphocytes from cultures carried out in quadruplicate; SEM values are in parentheses.
° Lymphocytes (1560 dpm/106) were in standard culture.
Lymphocytes (220,060 dpm/106) were in standard culture.
Table 3. Composition of the nonadherent fraction of spleen cell suspensions after sequential exposure to plastic
% Cells
recovered
T
cells
B
cells
Total
phag. cells PMN MPC UID
Normal
Whole spleen 44a
(1.5)
38
(1.2)
14 8
(0.5)
6
(0.5)
4
First adherence 96
(0.9)
41
(1.5)
34
(2.3)
10 5
(0.2)
5
(0.5)
IS
Second adherence 93
(3.3)
50
(8.5)
32
(0.6)
8 6
(0.1)
2
(0.5)
10
Third adherence 90
(5.5)
47
(6.4)
36
(1.9)
6 5
(0.9)
1
(0.1)
11
Pyelonephritic
Whole spleen 39
(0.3)
36
(2.5)
25 15
(0.8)
9
(0.5)
1
First adherence 89
(2.1)
41
(2.7)
34
(4.5)
20 14
(1.0)
6
(0.8)
5
Second adherence 75
(4.5)
44
(5.0)
33
(5.2)
16 12
(0.9)
4
(0.5)
7
Third adherence 66
(3.5)
45
(3.6)
33
(2.2)
14 11
(0.5)
3
(0.4)
8
Abbreviations: PMN, polymorphonuclear leukocytes; MPC, mononuclear phagocytic cells; UID, unidentifiable.
a Each value is the mean (percent) of three experiments carried out using a pool of three spleens; SEM values are in parentheses.
Whole First Second Third
spleen adherence adherence adherence
Fig. 1. Effect of sequential exposure to plastic on the mitogenic
responsiveness of splenic lymphocyte suspensions from normal and
pyelonephritic animals. Each point is the mean of three experiments
carried out using a pooi of cells from three spleens (range = 5EM).
Cultures contained 4 x 106 lymphocytes. Symbols are:
normal; A----A, pyelonephritic.
In vitro analysis of the milogenic response to T lymphocyte
specfIc mitogens. Roswell Park Memorial Institute medium
(RPMI 1640, Gibco Diagnostics, Grand Island, New York) was
used in all the experiments. Glass-distilled water, de-ionized,
using Milli-Q apparatus (Millipore Corporation, Bedford, Mas-
sachusetts) was used to reconstitute the medium. Each liter of
culture medium contained 70 ml of 2.8% sodium bicarbonate
which was added to maintain the culture at pH 7.2 in an
atmosphere of 10% CO2 in air. The medium also contained 100
mg/mi of both penicillin and streptomycin. Rat serum obtained
from normal animals was heat-inactivated and added to the
medium to give a final concentration of 3% rat serum in RPMI
1640. This preparation formed the complete medium. Lym-
phoid cells were obtained from spleens removed under sterile
conditions into ice-cold RPM! 1640. Each spleen was held with
forceps and teased with a dental excavator to produce a single-
cell suspension that was then allowed to stand for 5 mm to
enable cell clumps and debris to sediment. Fractionation of
splenic lymphocytes was carried out by centrifugation of the
spleen cell suspension at x3Og for 2 mm. Deposited cells were
recovered as the sedimentable fraction,' and the lymphocytes
in the supernatant were labelled the nonsedimentable fraction.'
Quadruplicate cultures of splenic lymphocytes were established
in tissue culture tubes. In cultures used to analyze the mitogenic
responsiveness of splenic lymphocytes, 2.5 x 106 splenic cells
were cultured in 3 ml of complete medium. Five d of a 0.5 mgI
ml solution of Concanavalin A (Sigma Chemical Co., St. Louis,
Missouri, catalogue no. 2010) was added for each milliliter of
culture medium. Nonstimulated cultures containing spleno-
cytes without Concanavalin A served as a control for each cell
suspension assayed, Cultures were held for 90 hr at 37°C in a
humid atmosphere of 10% CO2 in air. One 1iCi of [3H] thymi-
dine, 2 Cilmmole, (The Radiochemical Centre, Amersham,
England), was added to each culture 16 hr before harvesting.
The amount of [3H] thymidine incorporated into cellular DNA
was determined after terminating the culture by the addition of
distilled water followed by filtration of each culture through a
Whatman GFC 2.5 cm glass fiber filter (Whatman Inc., Clifton,
New Jersey) held in a machined metal block. The contents of
the test tube were rinsed with distilled water and finally with I
and 5% trichloroacetic acid to precipitate macromolecules
retained in the fiberglass filters. Filters were transferred to glass
vials for liquid scintillation spectrometer (Beckman Instru-
ments, Inc., Fullerton, California). The amount of [3H] thymi-
dine incorporation was finally reported as disintegrations per
minute (dpm) per 106 lymphocytes.
Cell co-cultures. Co-cultures of specified cell populations
were carried out using the procedures described above. Project-
ed responses were calculated after considering the number of
cells and the tritiated thymidine uptake by the individual cell
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Fig. 2. Effect of polymorphonuclear leucocytes on the mitogenic
responsiveness of normal lymphocytes to Concanavalin A. Mitomycin-
C treated lymphocytes are included as a control for the variation in cell
numbers in the culture system. Cultures were carried out in quadrupli-
cate and each point is the mean (range = 5EM).
0.62 1.25 1.87 2.50 5.00
Number (xl 6 of neutrophils (—•) or mitomycin-C treated lympho-
cytes (A----A) added to cultures of 2'5 x 106 normal lymphocytes
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Fig. 3. Effectof polymorphonuclear leucocytes on lymphocyte viability
and Concanavalin A-induced blast cell transformation. Each point is
the mean of two experiments. In each experiment cultures carried out
in duplicate were pooled to provide a sample for analysis at each time
point. Symbols are: A—A, lymphocytes; •I, neutrophils; U----•,
blast-cells.
populations forming the co-culture. Thus a co-culture formed
by mixing 2.5 x 106 lymphocytes from a pool of lymphocytes
incorporating 14,200 dpm/106 cells and I x 106 lymphocytes
from a pooi of cells incorporating 3600 dpm/106 cells would
together form a culture containing 3.5 x 10 cells capable of
incorporating 2.5 x 14,200 dpm (35,500 dpm) + I x 3600 dpm
(3,600 dpm) (that is, the co-culture contains a total of 3.5 x 106
lymphocytes capable of incorporating a total of 39,100 dpm).
Since the culture contains 3.5 x 106 lymphocytes the predicted
response/b6 lymphocytes would be = 11,170 dpmlbo6
lymphocytes. Because co-cultures are carried out at cell con-
centrations that are different from the cell concentrations used
to determine the responses of individual cultures, the tritrated
thymidine uptake needs to be independent of the cell concentra-
tion in culture, which was shown to be the case in the earlier
experiments [13]. All co-cultures were carried out at increasing
ratios of "test" cell populations to splenic lymphocytes. The
ratios reported in the individual figures and tables were repre-
sentative of data from the complete experiment, and interpreta-
tion of the result was unaffected by the ratio of the cells used
(see Table 2 for example where the results of co-cultures carried
out at two ratios have been reported). Individual experiments
were repeated at least twice and usually three times.
Results
Cell viability as a requirement for suppressor cell activity.
Previous experiments have shown that renal infection led to
suppression of CMI 72 hr after challenge [2]. Centrifugation
depleted the spleen cell suspension of mononuclear phagocytic
cells which were found to be concentrated in the sedimentable,
suppressor-cell containing fraction [3]. For the current experi-
ment a pooled spleen cell suspension was prepared from three
pyelonephritic animals 72 hr after the challenge and separated
into a sedimentable and nonsedimentable fraction by centrifu-
gation at x3Og. The sedimentable cells were then divided into
two parts. Cells from one half were co-cultured, without further
treatment, with nonsedimentable lymphocytes from normal
animals, The remaining cells were heat-killed (60°C for 5 mm)
before being cultured with the nonsedimentable cells from
normal animals. The experiment established that cell viability
was necessary for the expression of suppressor cell activity.
Viable suppressor cell fractions suppressed 85%of the potential
mitogenic responsiveness of normal splenic lymphocytes but an
insignificant degree of depression occurred when nonviable
cells were used in co-cultures (Table I).
Cellular interaction as a prerequisite for suppressor activity.
An experiment was carried out to establish whether or not cell
interaction was necessary for suppressor cells to exert their
effect or whether suppressor activity could be mediated by
soluble factors released from the sedimentable suppressor cells.
Cultures were established in modified Marbrook culture vessels
[14] in which nonsedimentable lymphocytes from normal ani-
mals were cultured individually and under co-culture conditions
with several concentrations of sedimentable cells from either
normal or pyelonephritic animals. In a parallel series of cultures
the suppressor cell fraction, and the normally responsive sple-
nic lymphocytes, were separated by a dialysis membrane. The
results from representative experiments carried out using two
concentrations of sedimentable cells are shown in Table 2.
Sedimentable cells from the pyelonephritic animals caused a
marked depression of immune responsiveness when co-cul-
tured in direct contact with normal splenic lymphocytes. No
suppressive effect could be demonstrated when the suppressor
cell fraction was separated from the responding cells by a
dialysis membrane, (10,000 daltons cut off) nor when the
supernatant from these cultures (which could have contained
suppressive components too large to pass through the dialysis
membrane) was added to cultures of normal splenic lympho-
cytes (Table 2).
Characterization of the suppressor cell
Adherence to plastic surfaces. Morphologic evaluation of
spleen cell suspensions from animals with renal infection has
previously demonstrated an increase in the number of phago-
cytic cells in the x3Og sedimentable, suppressor cell containing
fraction [3]. Plastic surfaces are believed to remove adherent
phagocytic cells from spleen cell suspensions. The effect of this
fractionation on the cellular components and mitogenic respon-
siveness of splenic lymphocytes was determined. Sequential
adherence to plastic selectively depleted spleen cell suspen-
sions of mononuclear phagocytic cell populations but neutro-
phil numbers were less affected (Table 3). T and B lymphocyte
ratios were not markedly altered. The mitogenic responsiveness
of nonadherent cells from normal animals was reduced from
130,000 to 68,000 dpm/106 lymphocytes indicating the removal
of an accessory cell population. Sequential adherence of splenic
lymphocytes from pyelonephritic animals did not restore the
mitogenic responsiveness (Fig. I).
6
5
3
2
2 3 o
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3
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Polymorphonuclear leucocytes as suppressor cells. The mito-
genic responsiveness of splenic lymphocytes from pyelone-
phritic animals was still markedly depressed after sequential
plastic adherence steps. One noticeable morphological finding
was that polymorphonuclear leucocyte numbers in the spleen
remained elevated after these procedures; their effect on lym-
phocyte mitogenic responses was therefore investigated. Neu-
trophils from several sites including the glycogen-stimulated
peritoneal cavity and sponge implants with and without bacteri-
al antigen were used in co-culture experiments. Neutrophils
added to cultures of splenic cells from normal animals initially
stimulated mitogenic responsiveness but as increasing numbers
were added to co-cultures the response to Concanavalin A was
progressively impaired, and finally ablated, at a neutrophil to
splenic lymphocyte ratio of 2:1 (Fig. 2). The results were not
influenced by the neutrophil source or mitogen concentration
within toxic limits.
The depression of mitogenic responsiveness could also be
explained if lymphocyte numbers in culture were depleted by
the products of neutrophilic dissolution. The effect of neutro-
phils on lymphocytes in culture was therefore examined by
microscopic evaluation of lymphocyte numbers and morpholo-
gy after Concanavalin A stimulation. Lymphocyte numbers
over a 72-hr period were unaffected by the addition of an equal
number of neutrophils, although Concanavalin A stimulation
and blast cell transformation, as expected, were depressed (Fig.
3).
Removal of phagocytic cells with carbonyl iron. Spleen cells
from normal animals and pyelonephritic animals, 72 hr after the
challenge, were treated with carbonyl iron. The effect on
phagocytic cell numbers was evaluated by morphologic exami-
nation of pre- and post-treatment cell suspensions. Carbonyl
iron treatment reduced the number of phagocytic cells to less
than 3% of the cells present in culture. The ability of splenic
lymphocytes from normal animals to respond to mitogenic
stimulation was reduced by carbonyl iron treatment; in con-
trast, the responsiveness of pyelonephritic lymphocytes was
restored and a markedly enhanced increase in tritiated thymi-
dine uptake was observed (Table 4).
Fig. 4. Restoration of immune responsiveness
of splenic lymphocytes from pyelonephritic
animals by column passage or carbonyl iron
treatment. Each bar is the mean of at least
three experiments (range = 5EM) using pooled
cells from three spleens. All procedures also
markedly reduced the mitogenic responsiveness
of splenic lymphyocytes from normal animals.
Symbols are: , normal;, pyelonephritic.
Table 4. Carbonyl iron treatment of spleen cell suspensions from
normal and pyelonephritic animals: Effect on morphology and
mitogenic responsiveness to Concanavalin A
Morphology
ConA
response
T
cells
B
cells PMN MPC
•
UID
Normal
Nontreated 44
(2.6)
34
(2.8)
8
(0.6)
6
(0.5)
8
(3.0)
78,286b
(9448)
Post-carbonyl 55 30 1 1 13 11,928
iron treatment (5.9) (4.0) (0.3) (0.3) (1.5) (1324)
Pyelonephritic
Nontreated 43
(0.6)
37
(1.3)
13
(0.6)
7
(0.6)
0 11449
(1321)
Post-carbonyl 51 31 2 1 15 35,701
iron treatment (4.3) (0.9) (0.5) (0.2) (3.7) (2085)
Abbreviations: PMN, polymorphonuclear leukocytes; MPC, mono-
nuclear phagocytic cells; UID, unidentifiable.
Each value is the mean (percent) of three experiments carried out
using a pooi of three spleens: 5EM values are in parentheses.
b Figures are the mean dpm/106 lymphocytes from three experiments
carried out using a pool of three spleens cultured in quadruplicate: SEM
values are in parentheses.
Column fractionation of splenic lymphocytes. The previous
experiment suggested that carbonyl iron treatment removed an
accessory cell population from normal splenic cells and a
'suppressor' cell from the pyelonephritic spleen. Column frac-
tionation of splenic cell suspensions was carried out to allow the
recovery and further characterization of these two cell popula-
tions. Fractionation by passage through nylon wool, glass wool,
Sephadex G-10, or glass beads markedly reduced the ability of
normal splenic lymphocytes to respond to mitogenic stimula-
tion. However, column passage of spleen cells from pyelone-
phritic animals increased their ability to respond to Concanava-
lin A, and thymidine uptake was similar to that obtained with a
comparable suspension of lymphocytes from normal animals.
The greatest increase was found after passage through glass
1 50
0
lJnfractionated Carbonyi Nylon Glass Glass Sephadex
spleencells iron wool wool beads G-1O
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Table 5. Effect of column fractionation on spleen cell suspensions from normal and pyelonephritic animals
Normal Pyelonephritic
% Cells T B % Cells T B
recovered cells cells PMN MPC UID recovered cells cells PMN MPC UID
None (nonfractionated) 100 44
(2.6)
34
(2.8)
8
(0.6)
6
(0.5)
8
(3.0)
100 43
(0.6)
37
(1.3)
13
(0.6)
7 0
Nylon wool 55
(0.7)
76
(1.7)
Il
(0.3)
4
(0.4)
1
(0.8)
8
(2.0)
50
(1.1)
69
(5.0)
14
(1.2)
6
(1.0)
I
(0.2)
10
(1.5)
Glass wool 54
(4.3)
58
(4.8)
28
(3.5)
4
(0.8)
2
(0.4)
8
(0.6)
59
(2.1)
59
(4.0)
28
(2.9)
6
(0.6)
1
(0.2)
6
(1.5)
SephadexG-l0 49
(8.1)
ND ND 0 1 ND 51
(5.1)
ND ND I 0 ND
Glass beads 47
(3.0)
ND ND 2
(0.2)
1 ND 52
(9.8)
ND ND 3
(0.2)
I ND
Abbreviations: PMN, polymorphonuclear leukocytes; MPC, mononulcear phagocytic cells; UID, unidentifiable cells; ND, not done.
Each value is the mean figure (percentage) of three experiments carried out using a poo1 of three spleens; SEM values are in parentheses.
wool (616%), glass beads (425%), and nylon wool (402%) (Fig.
4). The effect of fractionation procedures on the cellular compo-
sition of the spleen cell suspensions was also assessed. All four
materials used for column fractionation removed mononuclear
phagocytic cells, but neUtrophil numbers were depleted most
effectively by passage through Sephadex 0-10 (Table 5).
Recovery and co-culture of cells with accessory and suppres-
sor activity. Tritiated thymidine uptake by normal splenic
lymphocytes was reduced up to 85% after column fractionation
suggesting that an accessory cell population had been removed
(Fig. 4). Conversely, after column fractionation, mitogenic
responsiveness of splenic lymphocytes from pyelonephritic
animals was restored to the same level as cells from normal
animals subjected to the same procedure. Attempts were made
to elute accessory and suppressor cell populations adherent to
the column and to confirm their putative activities by co-culture
experiments. Normal and pyelonephritic splenic lymphocyte
suspensions were passed through a nylon wool column, and
after further processing, three cell fractions were obtained.
These were the nonadherent, the elutable, and the adherent
fractions. Morphologic analysis showed that neutrophils were
found in highest concentration in the elutable fraction, while
mononuclear phagocytic cells were found in the adherent
fraction particularly from spleens of pyelonephritic animals
(Table 6). The effect of adding elutable and adherent fractions to
the nonadherent fraction are shown in Table 7. The mitogenic
responsiveness of the nonadherent cell fraction, which was
reduced by column passage, was restored to near normal levels
by the addition of elutable cells from either normal or pyelone-
phritic animals. Addition of normal adherent cells to nonadher-
ent cells increased the mitogenic responsiveness of this fraction
by 779% (14,210 to 110,770 dpm). In contrast, the addition of
nonelutable cells from the pyelonephritic animals to the same
fraction completely ablated the mitogenic responsiveness
(14,210 to 0 dpm). Thus, a suppressor cell population was
located in the fraction of spleen preparations from animals with
pyelonephritis. The results of the fractionation and co-culture
experiments have been summarized in Table 8.
Discussion
Previous experiments established that cell-mediated-immuni-
ty is markedly depressed in experimentally induced renal
infection [1—3]. The aim of the present experiments was to
assess the role of mononuclear and polymorphonuclear phago-
cytic cells as immunoregulatory cells affecting cell-mediated
immunity. The results have supported the concept of a cellular
basis for infection-induced immunosuppression and have estab-
lished the conditions under which immune competence can be
restored to apparently nonresponsive lymphocytes. Additional-
ly, a suppressor cell population has been isolated from splenic
lymphocytes capable of suppressing the immune responsive-
ness of normal lymphocytes.
Splenic lymphocytes from normal and pyelonephritic animals
were subjected to a series of manipulations based on the
relative adhesiveness of splenic cells to selected materials
capable of separating phagocytic cells from lymphoid and other
cellular components. Exposure to plastic surfaces depleted the
mononuclear phagocytic cell population whereas neutrophils
were only marginally reduced. The mitogenic responsiveness of
both normal and pyelonephritic lymphocytes was reduced by
this procedure and introduced a feature common to most
procedures; this was the finding that removal of adherent cells
from splenic lymphocyte preparations invariably depressed the
mitogenic responsiveness of splenic lymphocytes from normal
animals by removing an accessory cell population. The results
of experiments involving sequential adherence of spleen cell
suspensions to plastic surfaces suggested the involvement of
neutrophils in the depression of CMI. In continuing experi-
ments a biphasic effect was observed when neutrophils were
added to cultures of normal neutrophil-depleted lymphocyte
suspensions. The addition of neutrophils, up to the number
found in spleen cell suspensions from pyelonephritic animals,
stimulated mitogenesis, but, at higher concentrations, the mito-
genic responsiveness was depressed and finally ablated when
the neutrophil to lymphocyte ratio exceeded 2:1. Carbonyl iron
treatment of splenic lymphocytes removed both mononuclear
and polymorphonuclear phagocytic cells. This procedure also
decreased the mitogenic responsiveness of normal splenic lym-
phocytes whereas the response by spleen cells from pyelone-
phntic animals was enhanced and equalled that of spleen cells,
treated with carbonyl iron, from the normal animals. Column
fractionation was then carried out in an attempt to isolate cells
with accessory and suppressor activity. Splenic cells were
passed through columns of nylon wool, glass wool, glass beads
320 Miller et al
Table 6. Cellular composition of the nonadherent, elutable, and adherent fractions obtained after the nylon wool passaging of spleen cell
suspensions from normal or pyelonephritic animals
Spleen cell
fraction
Normal Pyelonephritic
% Cells
recovered
T
cells
B
cells PMN MPC
% Cells
recovered
T
cells
B
cells PMN MPC
Nonfractionated
Nonadherent
Elutable
Adherent
100
57
(4.6)
27
(3.5)
14
(1.2)
47a
(1.5)
61
(4.7)
74
(5.2)
ND
42
(1.7)
30
(3.6)
18
(2.5)
ND
5
(0.5)
6
(0.3)
8
(0.3)
4
(0.1)
6
(0.4)
3
(0.4)
0
(0)
3
(0.1)
100
47
(2.8)
21
(1.4)
Il
(1.9)
38
(2.2)
63
(3.7)
48
(2.4)
ND
41
(1.9)
26
(1.4)
26
(1.9)
ND
17
(0.7)
10
(0.2)
24
(3.1)
8
(0.2)
4
(0.1)
1
(0.1)
2
(01)
6
(0.1)
Abbreviations: PMN, polymorphonuclear leukocytes; MPC, mononuclear phagocytic cells; ND, not done.
a Each figure is the mean (percent) of three experiments carried out using a pool of four spleens from normal or pyelonephritic animals. (sEM in
parentheses).
Table 7. Accessory and suppressor cell activity in the fractions from nylon wool columns
Sources of
spleen cells
Cultures of spleen cell fractions
CoculturesaNonfractionated Nonadherence Elutable Adherent
NormaP'
A
84,520
B
14,210
C
3,160
D
5,350 Projected
B+C
ll,l70
B+c
10,171
B+D
11,528
B+d
10,000
animals (3108) (518) (133) (196) (410) (373) (425) (370)
Observed 68,230
(2500)
59,360
(2200)
110,770
(4100)
0
(0)
a b c d b+C b+c b+D b+d
Pyelonephritic" 2,260 9,880 100 0 Projected 8,088 7,085 8,585 7,057
animals (96) (362) (37) (0) (299) (262) (314) (259)
Observed 3,030
(III)
2,170
(77)
10,240
(377)
0
(0)
a Co-cultures consisted of 2.5 x 106 nonadherent splenic lymphocytes from normal and pyelonephntic animals and 1 x 106 cells from the elutable
and adherent fractions passaged through nylon wool columns.
b Pooled cell suspensions were obtained from three normal or three pyelonephritic animals 72 hr after the challenge.
Figures are dpm/106 lymphocytes from cultures carried out in quadruplicate; SEM values are in parentheses.
and Sephadex G-lO. The recoverable cells were divided into
nonadherent, elutable, and adherent fractions. Elutable cells
(that is, cells which adhered to the column but could be
recovered by the addition of EDTA) were characteristically
accessory cells and increased the mitogenic responsiveness of
normal lymphocytes whether they were derived from normal or
pyelonephritic animals. However, a suppressor cell component
was found in the adherent cells from the pyelonephritic animals
whereas the corresponding fraction from normal animals in-
creased the mitogenic responsiveness of normal lymphocytes.
The concept of the regulatory control of immune mechanisms
by the phagocytic cell system, particularly the mononuclear
phagocytic cells has been studied for some time. Information on
macrophage physiology has grown in parallel with the under-
standing of lymphocyte function, and while it is clear that
macrophages have important functions as accessory cells in the
induction of humoral and cellular immunity, there is strong
evidence that they may also suppress T lymphocyte function
[15, 16]. Infection-induced immunosuppression is a common
feature of a wide spectrum of infectious diseases [17—22]
although the mechanism by which cell-mediated immune func-
tions are suppressed has not been clearly defined. There were
good reasons for believing that the suppressor cells induced by
renal infection were mononuclear phagocytic cells. Firstly, the
majority of investigators attempting to characterize the sup-
pressor cells associated with depressed CMI in other infectious
diseases have concluded that macrophages rather than suppres-
sorT cells were involved [23—26]. Secondly, the outcome of our
experiments with manipulations such as a x3Og centrifugation
step, which concentrated on phagocytic cells and restored
immune function to the nonsedimentable fraction, implicated
such a cell.
The present study represents the first attempt to characterize
the suppressor cell generated during the course of renal infec-
tion and illustrates some of the difficulties associated with this
type of experiment. For example, removal of the phagocytic
cells depleted spleen cell suspensions of an accessory cell
population which markedly reduced the mitogenic responsive-
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Table 8. Summary of the effect of column fractionation of spleen cell suspensions from normal and pyelonephritic animals on phagocytic cell
numbers, mitogenic responsiveness, and the accessory-suppressor function of recoverable cells
Phagocytic
cells remaining
after
fractionationa
MPC PMN
Effect of fractionation on
mitogenic responsiveness of cells
in culture
Function of recoverable cells tested in co-culture
Normal
Elutable
Pyelonephritic
Adherent
Normal Pyelonephritic Normal Pyelonephritic
Plastic adherence + + + 46% Decrease 45% Decrease
Nylon wool
Glass wool
+ + +
+ ++
67% Decrease 402% Increase
68% Decrease 616% Increase
Accessory Accessory Accessory Suppressor
Glass beads + + 57% Decrease 361% Increase
Sephadex + — 85% Decrease 149% Increase
Carbonyl + + 79% Decrease 310% Increase
Abbreviations: MPC, mononuclear phagocytic cells; PMN, polymorphonuclear leukocytes.
The effect of column fractionation on MPC and PMN numbers is indicated by differences in the number of cells in the unfractionated cell
suspension (taken as +++) and those remaining after manipulation.
ness of normal lymphocytes in culture. These observations are
consistent with other reports that monocyte-macrophage deple-
tion may inhibit the lectin-induced responses of murine [27],
guinea pig [28], and human lymphocytes [29]. Once this factor
was accounted for, however, it was apparent that procedures
that removed phagocytic cells restored immune responsiveness
to splenic lymphocytes from the pyelonephritic animals. A
further factor complicating the identification of the suppressor
cell was that phagocytic cell fractions contain both polymor-
phonuclear and mononuclear phagocytic cells. It was of interest
therefore to find that, in vitro, PMN's reduced the functional
capability of T lymphocytes, thus supporting earlier evidence
for such an effect [30]. This observation raised the possibility
that PMN's could also influence local immune mechanisms in
the kidney. The significance of the potentially suppressive
effect of PMN's on T cell function in this disease model would
depend on the role of cell-mediated immunity in host protection
and the ration of PMN's to lymphocytes in the cellular infil-
trate. It has been argued that T lymphocytes contribute to host
immunity in renal infection [2—4] and as PMN's are the predom-
inant cells of the cellular infiltrate in the early stages of renal
infection, the ratio of 2:1 (PMN's to lymphocytes) required to
ablate T cell function would be achieved readily. Under these
circumstances, functional depression of T lymphocytes by
PMN's could certainly have an adverse effect on immune
mechanisms in the kidney.
Some differences in the functional characteristics of the cells
recovered after the various separation procedures were antici-
pated and, in fact, demonstrated. Plastic adherence and column
fractionation using nylon and glass wool removed monocytes
most effectively, whereas carbonyl iron and Sephadex removed
both neutrophils and mononuclear phagocytic cells. The effect
of these procedures and the characteristics of the elutable and
nonelutable cells recovered after nylon wool fractionation have
been summarized in Table 8. The most significant observation
was that a strongly suppressive splenic cell fraction could be
isolated from the pyelonephritic animals. There was also some
evidence for an intrinsic alteration to the nonadherent cell
fraction from the pyelonephritic animals. Cells recovered in the
elutable fractions from normal and pyelonephritic animals en-
hanced the responses of nonadherent lymphocytes from normal
animals (B + C, B + c, Table 6) but depressed further the
equivalent cell population from pyelonephritic animals (b + C
and b + c).
The fractionation and availability of suppressor cells will
allow the mechanism by which T cell function in renal infection
is depressed to be investigated. Prostaglandin-producing mono-
nuclear macrophages are believed to be capable of suppressing
T cell function [31], but in our experience the suppressive
activity of the infection-induced suppressor cell is not ablated
by indomethacin [3]. Alternative mechanisms need to be eluci-
dated if the ultimate aim of these studies, namely the manage-
ment of infection through pharmacologic intervention in cellular
mechanism depressing host immune function, are to be
realized.
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